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(54) Title: A SIGNAL CONVERTING UNIT INTENDED TO BE INCORPORATED IN A PNEUMATIC CONTROL SY- 
STEM 

(57) Abstract 

Tbeimit selves to convert an dectiical cQDtndsi- 
giial(I) cecdved atthe input of ttie unit into a pneumatic 
signaI(P).Tbis is emitted at the output of the unit audits 
value should be proportional to ihe value of the control 
signal (I). The unit comprises a toiigue-sh^>ed piezoe- 
lectric dement (6) wfaidi is loaded with a voltage d^en- 
dentonthe control signal, so tfaattheelement(6) carries 
out a lateral bending movement vftnch varies with the 
voltage. The unit also comprises a pneumatic line (1) 
with a chamb^ (la) wbidi is supplied witii compres^ 
air viaatbrottle(4) and &omwhidi the compressed air is 
conducted tibrou^ a nozzle (3) located near to one side 
ofthepiezDelectiicelement(6) so tfaattfae air pressure in 
the chamber is regulated by the piezoelectric element 
(6) as afimction of the said voltage; and an outlet iine(5) 
leading from the chamber for transmitting the regulated 
air pressure to the control 53rstem as tiie said pneumatic 
signal (P). To make the pneumatic signal (P) to the con- 
trol syst^ accurately follow the electrical control signal 
(I), a pressure transducer (7) is coimected to the outlet li- 
ne (5), being designed to produce an electrical signalCI) 
which corresponds to the regulated air pressure, and 
which is fed ba<± via a feed4>ack circuit to the input of 
the unit Furthennore, ttie mput has a circuit (9, 11) 
whidi receives both the electikal control signal (I) and 
the fed-bac± electrical signal(T).Th drcuit has a device 
(9) for forming a difference signal by comparing the two signals (1, 1) and a device (1 1) for integrating the difference signal and 
thereafter produdng from the int^rated difference s^nal the voltege with wYnsh the pii^oelectxic element (d) is loaded. 
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A Signal Conv rting Unit intended to be incorporated in 
a Pneumatic Control System 



The present invention relates to a signal converting 
unit intended to be incorporated in a pneumatic control 
system and used to convert an electrical control signal 
received at the input of the unit into a pneumatic signal 
5- which is emitted at the output of the unit and the value 
of which should be proportional to the value -of the 
control signal, comprising a tongue-shaped piezoelectric 
element which is loaded with a voltage dependent on the 
control signal so that the element carries out a lateral - 
^0 bending movement which varies with the voltage, a pneumatic 
line with a chamber which is supplied with compressed air 
via a throttle and from which compressed air is conducted 
away through a nozzle located near to one side of the 
piezoelectric element so that the air pressure in the 
15 chamber is regulated by the piezoelectric element as a 

function of the said voltage, and an outlet line leading 
out of the chamber, for transmitting the regulated air 
pressure to the control system as the said pneumatic signal. 
In Swedish published specification 322^989 (with 
20 priority from US 588 057) a signal converter of this kind 
is described in more detail, comprising a chamber with an 
inlet aperture and an outlet aperture. A soiirce of fluid 
pressure by means of which a pressure is obtained in the 
chamber is connected to the inlet aperture. Near to one 
25 of said apertures ^ there is an electrically-actuated 

piezoelectric tongue. Depending on the strength and the 
polarity of the control signal, the tongue can be made to 
move towards or away from the aperture so that the pressure 
in the chamber is influenced thereby. A fluid pressiore 
50 value associated with the control signal is derived from 

this pressure. According^ to the said published specifica- 
tion, an external force on the tongue is achieved with a 
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£ ed-back circuit • Th level of the force is associated 
with the level of the pressure in the chamber and is said 
to act in the opposite direction to the bending of the 
tongue occasioned by the control signal. . The aim in this 
5 case is to restrict the bending of the tongue so that the 
bending force produced by the control signal is balanced 
against the fluid pressure. Ihe arrangement therefore works 
according to the force-balancing principle, i.e. the fluid 
pressirre is dependent on the piezoelectric bending force as 

10 a function of the electrical control signal. Accordingly, 
factors such as the temperature-dependence, non-linearity, 
and hysteresis of the piezoelectric tongue, as well as the long time 
instability of the bending forces as a function of the electric 
control signal, will affect the accuracy of the conversion from 

13 SB electrical control signal into a fluid pressure value. 
To the extent that variations occur in the sxq>ply pressure 
from the fluid pressure source, these are not fully compen- 
sated, but the compensation process is affected by the said 
factors. 

20 The temperature-dependence which arises from the piezo 

crystals of the tongue and difficulties in producing a good 
adhesion between them entails an error in the order of magni- 
tude of 0.05 - 0.595 per Hysteresis, which means that, 
for one and the same control signal value, the tongue carries 

25 out dissimilar bending depending on whether the said value 
is arrived at by increasing or reducing the control signal 
value, can amount to around 20^ and it may take up to 20 hoiirs 
for the tongue to attain a uniform, stable bending position 
corresponding to a specific control signal value. Long time 

50 . stability is also boimd up with the mechanical composition 
of the tongue. Those -errors which occur as a result of a lack - 
of long time stability is hard to separate from those which 
are caused by hysteresis. 

In the processing industry in particular there is a 

35 need for arrangements which make it possible to carry out 
conversion of the above-mentioned type with, a high degree 
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of accuracy, but with the arrangements known up to the 
pres nt time it has been possible only to reduce the effect 
of the said factors and therefore an adequately high level 
of accuracy has not been achieved. 
5 The aim of the present invention is to provide a 

signal converter of the kdLnd described in the introduction, 
with which it is possible to convert an electrical control 
sign a l into a corresponding pneumatic pressure value with 
a high degree of accuracy, and which does not have the 

10 above-mentioned disadvantages, and this is achieved in 
that the signal converter has the characteristics which 
are given in the attached Patent Claim. 

The invention will be explained in more detail in the 
following with reference to the attached Drawing, on which 

15 Figure 1 shows schematically and partially as a block 

diagram a signal converting \mit according to the invention 
for converting an electrical control signal into a corres- 
ponding pneumatic pressure value, that is, a so-called I/P 
converter. Figure 2 shows in block diagram form an alter- 

20 native embodiment of a signal converter according to the 
invention. 

On the Drawing, 1 is a line connected to a pneumatic 
pressure source 2, which ppens out in a nozzle 3. Between 
the pressure source 2 and the nozzle *5 in the said arrange- 

25 ment there is a throttle 4 and a pneumatic pressure outlet 5. 
B^. means of the pressure sotirce, a pneumatic pressure is 
produced in a chamber la between the nozzle 3 and the 
throttle 4 in the line 1 . Near to the nozzle 3 a piezo- 
electric element 6 is arranged; this is sensitive to the 

30 effect of electrical signals, and has its end furthest from 
the nozzle firmly clamped in. The side of the element 6 
which is nearest the nozzle 5 is formed in such a way that 
there is a gap between the element and the nozzle through 
which the air can flow out. Under the effect of the 

35 electrical signals, the element 6 can be made to move 
towards or away from the nozzle 3, depending on the 
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strength and polarity of tlie sig^al, so tha^ 1;he gap bet:ween , 
the element and the nozzle is thereby reduced or increased. 
The out-flow of air through the nozzle 3 can be influenced 
in this way, and with it the pneumatic pressure in the 
5 chamber 1a and at the x>^essure outlet 3 is also regulated. 
This pressure, which can be used as a control pressure for 
a pnexmatic ainplifier or a cylinder-piston assembly, has 
been indicated on the Drawing by P • If no other measures 
are taken, then, as explained in the introduction, the 

10 accuracy is affected negatively by a number of factors 
when controlling the pneumatic pressure in this way. 

As can be seen in Figure 1, according to the invention, 
a pressure transducer 7 is connected to the pressure outlet 5 
for monitoring the pneumatic pressure in the line* The 

15 pressure transducer 7 - is designed to produce an electrical 
signal T which corresponds to the said control pressure. 
The signal T is supplied to one signal input 8 of a 
comparator 9f the other input 10 of which- is supplied with 
the electrical control signal, called I in the following, 

2o which it is desired to convert to a pneumatic pressure 
value. The comparator 9 is designed to compare the 

signals T and I and to produce'a difference signal 
corresponding to the difference between the said signals. 
This is supplied to an integrator 11, the output signal of 

25 which is a voltage and acts on the piezoelectric element 6. 
The integrator 11 is preferably an integrating amplifier 
and its output signal, corresponds to the time integral of 
the difference signal supplied to the integrator. This 
means that even small difference signals of a certain dura- 

30 tion give rise to output signals from the integrator 11 
of the same order of magnitude as larger, but shorter, 
difference signals. 

The arrangement shoinm in Figure 1 . works as an I/P 
converter and operates in a closed control loop in the 

35 following way: 
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Depending on the siz and polarity of the difference 
signals, the element 6 moves as described abov , either 
away from or towards the nozzle 3, whereby the gap between 
the element and the nozzle is increased or reduced* so that 
5 the pneumatic pressure in the chamber la, and with it also 
both the pneumatic pressure value P and the signal T , 
is -varied. Obviously, it is possible to endow the control 
circuit with characteristics such that the pneximatic 
pressure value P corresponds very accurately with the 

''O signal I . The characteristics of the piezoelectric 
element 6 or variations in the supply pressure from the 
pressure source 2, do not affect the accuracy of the con- 
verter, which is affected only by the accuracy of the 
pressure transducer 7. 

15 The comparator. 9 and the integrator correspond 

in their function to a proportional integrating regulator, 
or so-called PA regulator. In Figure 2, 12 is such a pA 
regulator. The said Figure shows an alternative embodiment 
jof an I/P converter according to the invention, with a 

20 fliaid amplifier I3 connected to the pressure outlet 5. 

The amplifier is supplied with pressure from the pressure 
source 2 via a line 14, and has the task of producing an 
amplified flow of air and/or an increased pressure value in 
the outlet line 5 for applications where the flow of air 

25 via the throttle 4 is not adequate. The pressure transducer 
7 is connected to the output I5 of the amplifier which also 
forms the output of the I/P converter, i.e. the pneumatic 
pressiire corresponding to the signal I is taken as a 
working pressure at the output I5. The working pressure 

50 may be used, for instance, for controlling the state of 
a cylinder-piston assembly which is not shown on the 
Drawing. 

Obviously, the signal converter according to the 
invention may be modified in many ways within the scope of 
35 the invention. For example, the piezo- 
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electric element 6 may b aixanged so that it moves in 
only one direction, i.e. either away froin or towards the 
nozzle 3s xmder the effect of the control signal- 
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Patent Claim 

A signal converting unit intended to be incorporated in 
a pneumatic control system and used to convert an electrical 
control signal (I) received at the input of the unit into 
a pneumatic signal (P) which is emitted at the output of 
5 the unit and the value of which should be proportional 

to the value of the regulating signal, comprising a tongue- 
shaped piezoelectric element (6) which is loaded with a- 
voltage which depends on the control signal (I) so that 
the element (6) carrier out a lateral bending movement 

10 which varies with the voltage, a pneumatic line (1) with ^ 
a chamber (1a) which is supplied with compressed air via 
a throttle (4) and from which the compressed air is con- 
ducted through a nozzle (3) located near to one side of 
the piezoelectric element (6), so that the air pressure in 
- 15 the chamber (1a) is regulated by the piezoelectric element 
(6) as a function of the said voltage, and an outlet line 
(5) leading from the chamber (1a) for transmitting to the 
control system the regulated air pressure as the said pneu- 
matic signal (P), characterised in that a pressure transducer 

20 (7) designed to produce an electrical signal (T) correspond- 
ing to the regulated air pressure is connected to the outlet 
line (5), and is connected back via a feed-back circuit 
to the input of the unit, and that the input has a circuit 
(9f.11; ^2) which receives both the electrical control 

25 signal (I) and the fed-back electrical signal, and which 
has a device (9) for forming a difference signal by com- 
paring the two signals, and a device (11) for integrating 
the difference signal and thereafter producing from the 
integrated difference signal the voltage with which the 

30 piezoelectric element (6) is loaded, the pneumatic signal 
(P) to the control system accurately following the electri- 
cal control signal' (I). 
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